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1 .O ABSTRACT 
Dur ing the  pe r iod  of  t h i s  repor;, c e l i z  52 :h:ough 58 and 60 were pre-  
pared fo r  measuiements. Tecnnique, f o r  the prepa;;:icn o f  these c e l l s  were 
v a r i e d  i n  o rder  t o  de tern ine  the  causes o f  d i s t u r b i n g  e f f e c t s  and t o  t e s t  
the  performance o f  c e l i s  w t n  d i f f e r e n t  e i e c t r o l y t e s .  
W i t h  the  except ion  o f  c e l l  53, the  e l e c t r o l v t i c  s a l t  was introduced i n t o  
a c e l l  on l y  a f t e r  i t  was baked ou t  ,in+zr vacum. Sodium iod ide  d isso lved i n  
l i q u i d  ammonia was u r e l  3 s  the  e l e c t r o l y t i c  s o l u t i o n .  An a t  empt was made t o  
pour the  s a l t  i n  a i r  i n t o  c e l l  53 31s a d i y  p c ? d e : - .  !,i,'len t h i s  Gttempt f a i l e d ,  
the  s a l t  was d isso lved i n  \ !a ter .  Tile aqueou: c ~ o l u t i c n  was then t rans ferpcd 
i n t o  the  c e l  1 .  Subsequently the \dater was revo\tec! 5)t l?ab.inT unc'zr v;:c_~:vcn. 
fecause o f  the danTer o f  i n t roduc ing  a d d i t i o n a l  c.nt,,iiinsntr i n t  the c e l l  
w i t h  t h i s  method, and because i t  d i d  no t  p rov ide  ;rr,~roveci gerforvance, i t s  
use was d iscont inued.  
Leads i n  c e l l s  56, 57 2nd 58 were p l a t i n i z e d  i n  o rde r  t o  t e s t  whether 
some o f  the d i s t u r b i n g  e f f e c t s  which have been cnccuntered i n  the past can 
be e l i m i n a t e d  by p l a t i n i z i n g  thc  surface o f  the leads i n  contact  w i t h  the 
sodium amalgam. C e l l  58 was prepared w i thout  adding a s a l t  t o  t h e  l i q u i d  
ammonia. Sodium amide, Formcd by t'-i.c r c a c t i o n  of  sodium w i t h  t h e  ammonia, 
was used as the  e l e c t r o l y t e .  
W i t h  c e l l s  58 and EO 2n attempt was made 1-2 pump o f f  t he  hydrogen evolved 
d u r i n g  the  decomposition 0; p a r t  o f  t he  sodiu,n &r l ionis.  s o l u t i o n  i n  the e a r l y  
stage o f  p repar ing  the  c e l l .  
t h e  ammonia and hydrogen and r e f i l l i n g  the  c e l l  w i t h  new ammonia. 
Th is  1 ~ 2 s  p a r t i a l l y  ,thieved by pumping o f f  
- 1  - 
C e l l  60 i s  a qua r t z  c e l l .  Th is  c e i l  w s  b u i l t  i n  order  t o  determine the  
a p p l i c a t i o n  o f  quar tz  as a c e l l  m;te.-ia;. 
C e l l s  52, 53 and 54 were tested. C e l l  55 ruptured p r i o r  t o  t e s t i n g .  C e l l s  
56, 57, 58 and 60 a r e  i n  storage a t  O°C. 
The emf o f  c e l l  52 was measured from -20.5' t o  151OC. I n  t h e  course o f  t he  
t h e  measurements t h i s  c e l l  was recyc led from below room temperature t o  above 
100°C f ou r  times, tw ice  reaching 150 C, which i s  w e l l  above the  c r i t i c a l  
temperature (about 133OC)  o f  the e t e c t r o l y t  i c  s o l u t i o n .  
measurements were performed a t  -17 and -26OC.' 
the reduct ion,  
0 
Chronopotent i omet r i c  
The data seem t o  i n d i c a t e  t h a t  
Na+( NI-l ) + z - (  k k ~ )  = 1\)3( big), 3 
i s  d i f f u s i o n  c o n t r o l l e d  w h i l e  the  ox idat ion,  
Na(Hg) = Na+(NH 3 + e-(hg) 
i s  n o t  d i f f u s i o n  c o n t r o l ? e d  un$er our exFcrirnrntai cond i t i ons .  
I n  c e l l  53, t he  c o n d u c t i v i t y  c f  t h e  e l e c t r o l y t i c  s o l u t i o n  was measured 
from 19.0 t o  154.OoC, i.e., about 20' above the  c r i t i c a l  p o i n t  o f  the s o l u t i o n .  
Chronopotent iograms were recorded a t  room temperature. 
With c e l l  54, s t a b l e  emf data were obta ined from 25.2 t o  66.7OC. The 
0 
c o n d u c t i v i t y  o f  the e l e c t r o l y t e  was measured from 25.2 t o  63.2 C .  
. . 
L 
2 .O EXPER I MENTAL 
2.1 C e l l  Preparat ion 
The c e l l s  f o r  the s tud ies  o f  gaseous e l e c t r o l y t i c  s o l u t i o n s  c o n s i s t  o f  
f o u r  h a l f  c e l l s  which a r e  connected by th ree  c y l i n d r i c a l  c o n d u c t i v i t y  tubes. 
Above the f o u r  h a l f  c e l l s  i s  an expansion reg ion  fo l l owed  by a sho r t  l e n g t h  
o f  c a p i l l a r y  t u b i n g  f o r  sea:ing o f f  t h e  c e l l s .  Near one end o f  the c a p i l l a r y  
i s  a f r e e z i n g  cup t o  ease the  s e a l - o f f  operat ion.  F ig .  1 shows a diagram of 
t he  c e l l .  
(Nos. 52-55 .ix,.! (0) i:, - 2  “llows. 
Unless otherwise speci f izd,  the f i l l i n g  procedure f o r  each c e l l  
P r i o r  t o  sea l i ng  t h e  ~ e l i s  t o  t l ic  V ~ C U L ) ~  system, approximately equal 
amounts o f  mercury a re  poured i n t o  each h a l f  c e l l .  I n  add i t i on ,  a measured 
amount o f  Nal powder and a sodium capsule a r e  piaced i n  t h e  vaccum system as 
shown i n  F ig .  5 o f  our t h i r d  qusr te  l y  progress r e p o r t .  A f t e r  bakeout under 
vacuum, the breakseal o f  t he  sodium capsule i s  opened and the sodium i s  d i s -  
t i l l e d  on the  w a l l  o f  t he  g lass tub ng aljove tha c e l l s .  P r e - p u r i f i e d  ammonia 
i s  condensed on the  w a l l s  above the c e l l .  ? h i s  l i q u i d  d i sso l ves  ?he sodium 
and sodium iodide, then d r i p s  through the  c a p i l l a r y  i n t o  the c e l l .  Dur ing 
t h e  f i l l i n g  process, t h e  upper mercury e lec t rodes  a re  exposed t o  more sodium 
than the  lower ones, and, therefore,  they d i s s o l v e  more sodium. 
The e lec t rodes  o f  the c e l l s  made by t h i s  process are sodium amalgams 
w i t h  d i f f e r e n t  concentrat ions of sodium, hence these c e l l s  a re  concen t ra t i on  
c e l l s .  The amalgams a r e  formed by the  d i f f u s i o n  o f  m e t a l l i c  sodium from the  
sodium ammonia s o l u t i o n  i n t o  the mercury pool a t  each e lec t rode .  The d i f f u -  
s i o n  process proceeds u n t i l  no m e t a l l i c  sodium i s  l e f t  i n  the s o l u t i o n .  A t  




the  sodilim amid? formed by t h e  decomposition o f  the sodium ammonia s o l u t i c n .  
I t  i s  t o  be noted t h a t  t h e  decomposition and amalganation processes compete 
f o r  the  m a t a l l i c  sodium p laced i n  the c e l l .  
Dur inq the  pe r iod  o f  t h i s  repor t  c e l l s  52 through 58 and 60 were b u i l t  
and prepared f o r  the meas~rcrnznts of emf, c o n d u c t i v i t y  and chronopctentiograms. 
C e l l s  w i t h  s p e c i f i c  fea tures  a r e  descr ibed below i n  g rea ter  d e t a i l .  
I n  o rder  t o  c o n t r o l  more p r c c i s e l y  the  aniounr c f  e l e c t r o l y t e  i n  a c e l l ,  
Nal s a l t  was in t roduced d i f f e r e n t l y  i n t o  c e l l  53 t tmn i n  the  o the r  c e l l s .  
Iwo methods were t r i e d .  A i  f i t - s t ,  an . i t c c , p :  tv:2J madc to t a p  a measured 
q u a n t i t y  of Na l  powder i n t o  the  c e l ! .  L!hcn t h i s  attempt f a i l e d ,  t h c  s a l t  
was d isso lved i n  water and the s o l u t i o n  w'as pourcd i n t o  the c e l l .  Subse- 
qucnt ly ,  the  water was removed by bal:ing t h e  c e l l  m d c r  vacuum. A f t e r  the 
bakeout, sodium-ammonia s o l u t i o n  was in t roduced i n t o  the c e l l  a s  be fore .  
Th is  msthod has sowe szr ious  d i s s d v a n t a p s .  I n  s p i t e  o f  the  f a c t  t h a t  
the  system was baked out  s,:dsr vacuum, there  i s  a p o s s i b i l i t y  t h a t  some water 
mish t  r c m i n  i n  the  c e l l .  i .ny remaining water ~ o u l d  reac t  w i t h  m e t a l l i c  
sodium d i sso lvzd  i n  t h e  ammonia, thus producing sodium hydrox ide and hydrogen. 
Hence, t h i 3  method of prepar ing  the c c l ! s  may in i roduce mare contaminants 
than t h e  o r i g i n a l  method. Cocausc o f  rile s C r i w z  e fFec ts  due t o  the  presence 
of contaminants, :h is  technique wss c o t  used Tor t h c  p repara t i on  o f  any o the r  
c e l l .  
C e l l  55 was prepared w i t h  a r e l a t i v e l y  l a r g e  amount o f  sodium d isso lved 
i n  l i q u i d  ammonia, i n  o rder  t o  produce h i g h  sodium concent ra t ions  i n  the 




I :  
A l l  the four  leads i n  c e l l s  56 and 57 and two o f  the f o u r  leads i n  c e l l  
58 were p l a t i n i z e d .  These c e l l s  have been prep wed i n  o rder  t o  t e s t  whether- 
some o f  the d i s t u r b i n g  e f f e c t s  which have been encountered i n  the  past can 
be e l im ina ted  by p l a t i n i z i n g  the surfaces o f  the tungsten leads i n  contact  
w i t h  the  sodium amalgam because there i s  a p o s s i b i l i t y  t h a t  a s ide  reac t i on  
might take p lace  a t  the  tungsten surface. I t  i s  t o  be noted t h a t  c e l l  58 
permi ts  t e s t i n g  o f  t h e  performance o f  p l a t i n i z e d  and u n p l a t i n i z e d  leads w i t h i n  
the  same c e l l .  
As mentioned i n  the  l a s t  q u a r t e r l y  repcr t ,  one p o s s i b i l i t y  f o r  meciiani- 
c a l  f a i l u r e  o f  come of the  recent  c e l l s  i s  rup ture  due t o  excess hydrogen 
pressure.  A f o r e i g n  ma te r ia l  such as mercury may a c t  a s  a c a t a l y s t  f o r  the 
reac t  ion, 
Na(NH 3 ) t NH 3 = NaNH2(NH3) + 1/2 H2 1 
which generates hydrogen. I n  order t o  reduce the p r o b a b i l i t y  o f  c e l l  rup ture  
through t h i s  poss ib le  cause, an  at tempt was made t o  pump o f f  the  hydrogen 
from c e l l  58 a f t e r  t h e  e x t r a c t i o n  o f  sodium f r o m  t h e  ammonia. 
used i s  as fo l lows.  
The procedure 
The c e l l  was f i l l e d  and subsequently he ld  a t  about -45OC f o r  a pe r iod  
of two hours. The e x t r a c t i o n  o f  sodium was a ided by concen t ra t i ng  t h e  
ammonia s o l u t i o n  through evaporat ion.  However, the  mercury was f rozen 
and sodium d i d  not  t r a n s f e r  i n t o  the f rozen mercury. I n  o rder  t o  speed 
up t h e  process, the temperature o f  the  system was ra i sed  t o  30°C. 
ammonia evaporated, and some o f  the sodium was amalgamated. A p o r t i o n  o f  
t h e  sodium was not  i n  contact  w i t h  the  mercury, and, there fore ,  the  amalgains- 





t d rncd  i n t o  the c h a r a c t e r i s t i c  b lue c o l o r  of a metal-ammonia s o l u t i o n .  How- 
river, tne c o l o r  was l i g h t e r  than tha t  o f  the o r i g i n a l  s o l u t i o n .  One can 
~ r z m ~  then t h a t  an apprec iab le par t  o f  the sodium was amalgamated d u r i n g  
the ;cc-rning pe r iod .  
I t  shcu’d bc mentioned t h a t  the hydrogen e v o l u t i o n  i n  c e l l s  o f  low 
. ~ d i u m  cozccn t ra t i on  has been s u f f i c i e n t l y  small  so t h a t  they do no t  repre-  
ccit any problem w i t h  regard to  c e l l  rupture.  General ly,  d i f f i c u l t i e s  have 
Cx;! encountered o n l y  w i t h  c e l l s  whose i n i t i a l  sodium concentrat ion i n  
,n,monia was hic,h. l hese  c e l l s  ruptured d u r i n g  storage a t  0 C, presumably 
:le -:a ih- .  tiisher p.-c,;Lurc of hydrogen evolved d u r i n g  the e x t r a c t  i o n  t ime 
! a ’ m , t  24 hours).  
0 
-  he citxi- specia i  f ea tu res  of  c e l l  58 a r e  t h a t  i t  was prep;red w i thou t  
i d ~ ~ i i - , ;  5 d l t  t o  t!-z z,.mnania (sodium amide produced by the  r e a c t i o n  o f  scdium 
~ r i ~ / i  c x l m i u  i s  used ar; the e l e c t r o l y t e ) ,  and t h a t  t he  two leads i n  contact  
e~cctrodc; f ci7d C a r e  p l z t i n i z e d .  However, the leads f o r  t h e  e lec t rodes  
A a n d  D arc  not p l a t i n i z e d .  Ce l l  58 i s  now aging i n  storage a t  O°C. 
Cell 60 i s  a qua r t z  c e l l .  7h is  c e l l  has been b u i l t  f o r  t h e  purpose o f  
Inves t i c ja t i ng  !whether any unusual problems a r i s e  i n  the f a b r i c a t i o n  and 
I i anJ l iQ ;  of quar t z  c e l l s .  I f  promising r e s u l t s  a r e  obtained, i t  i s  planned 
t o  h i i d  and evaluate qua r t z  c e l l s  w i th  s i d e  arms f o r  i n t r o d u c i n g  c o n t r o l l e d  
amounts of e l e c t r o l y t e  i n t o  each h a l f  c e l l .  
thc? e z r i i e i  problem o f  i n t roduc ing  s t r a i n s  i n t o  the s ide arms o f  t he  c e l l  
du;-inq ttte s e a l i n g  operat ion.  3h i s  i s  an important advantage because these 
; t ra ins  cannot be s u f f i c i e n t l y  annealed once the c e l l  i s  p a r t i a l l y  f i l l e d .  
1he use of  c - i a r t z  should avo id  
-6- 
. 
Besides the usual problems of Nork ing w i t h  quartz,  d i f f i c u l t i e s  w i t h  
the leads f o r  t h e  e lec t rodes  were encountered. An at tempt was made t o  use 
the standard G . E .  G S C - 3  glass for sea l i ng  t h e  tungsten leads t o  qua r t z .  
l ungs ten  e lec t rodes  w i t h  diameters l a r g e r  than 0.040 inch  cou ld  no t  be sealed 
s a t i s f a c t o r i l y  and even seals  w i t h  0.040 inch tungsten leads were f r a g i l e  
and prone t o  leaks and cracks.  I t  was necessary t o  reduce the  diameter o f  
the tungsten leads from 0.080 t o  0.040 inch a l though t h e  g rea te r  mechanical 
s t r e n g t h  of  the 0.080 inch leads e l im ina ted  the prev ious problem of lead 
breakage. Dur ing the  f a b r i c a t i o n  o f  c e l l  60 each lead broke a t  l e a s t  once. 
Add i t i ona l  d i f f i c u l t i e s  w i t h  the  quar t z  c e l l  arose from the  c lean ing  
-. procedure. the standard c lean ing  procedure developed i n  t h i s  l abo ra to ry  
was a c leaner prepared o f  5% HF, 3376 HNO Th is  
c leaner  cou ld  not be used as  h y d r o f l u o r i c  acid,  even a t  l o w  concentrat ion,  
was found t o  r a p i d l y  a t t a c k  the G S C - 3  glass seal, thus causing leaks i n  the  
c e l l .  I t  i s  un fo r tuna te  t h a t  t h e  above mentioned c leaner  cou ld  not be used 
s ince  we have found i t  t o  be the  most e f f e c t i v e  c leaner f o r  t he  removal o f  
these sur face contaminants which lead t o  the  decomposit ion o f  sodium ammonia 
s o l u t i o n s .  
60$ water and 2$ alconox. 3’ 
C e l l  60 was f i l l e d  w i t h  3 sodium and sodium iod ide  ammoniacal s o l u t i o n .  
Hydrogen produced by decomposition was removed p r i o r  t o  s e a l o f f  us ing  the 
method a p p l i e d  t o  c e l l  58. 
t o  pump out the hydrogen. .r\,fter some t ime the c e l l  was f i l l e d  again w i t h  
ammonia. 
During t h i s  procedure, ammonia was removed once 
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Figure  1 .  Amalgam Concentrat ion C e l l  w i t h  




F i g .  2 i s  open. Usua 
emf measurements as a 
e lec t rodes  i s  c a r e f u l  
2.2 Inst rumentat ion 
F ig .  2 shows a schematic drawing o f  t he  c i r c u i t  used fo r  t he  measurements 
o f  emf and c o n d u c t i v i t y  o f  the c e l l s .  For emf measurements the sw i t ch  S i n  
l y ,  the e lect rodes f and C of t h e  c e l l  a r e  used f o r  
f u n c t i o n  o f  temperature. E l e c t r i c a l  l oad ing  o f  the 
y avoided by us ing  o n l y  instruments w i t h  h igh  i npu t  
impedance for the  measurements. 
t h e  C a l i b r a t i o n  Standards po ten t i omet r i c  vo l tmeter  (model IlOB) i s  used. 
Mhen the i npu t  vo l tage  i s  accurate ly  balanced by the potent iometer,  t he  
I f  t h e  emf values a r e  s u f f i c i e n t l y  stable, 
i n p u t  impedance o f  t h i s  instrument i s  approximately I O  9 ohms. The accuracy 
o f  t h i s  instrument i s  0 . 0 8 ,  and i t  i s  prov ided w i t h  a f i v e  d i g i t  readout. 
I f  f o r  reason o f  f l u c t u a t i o n  the emf  o f  the c e l l s  cannot be balanced w i t h  
s u f f i c i e n t  accuracy, a Hewlet t  Packard m i  1 1  i v o l t m e t e r  (Model 412A) i s  used 
t o  measure t h i s  emf. Although t h i s  meter has a lower input  impedance ( 2  x 
I O  ohms), i t s  i npu t  impedance i s  f i x e d  and i s  not  a f f e c t e d  by f l u c t u a t i o n s  
o f  t h e  emf. 
8 
In  the  record ing o f  chronopotentiograms, the e lec t rodes  A and D a r e  
used as working e lec t rodes  and one o f  the e lec t rodes  E o r  C as  t h e  reference 
e l e c t r o d e .  A b lock  diagram o f  the c i r c u i t  i s  shown i n  F i g .  3 .  
When t h e  s w i t c h  S i s  closed, a constant c u r r e n t  passes through t h e  c e l l .  
'Ihe v a r i a t i o n  o f  t h e  p o t e n t i a l  d i f f e r e n c e  i s  measured by the Hewlet t  Packard 
vacuum tube vo l tmeter  412A. 
t h e  output  vo l tage  of the meter. The use o f  the vacuum tube vo l tmeter  i n  
front o f  t he  recorder has the advantage o f  i nc reas ing  the i npu t  impedance 
of  t h e  measuring system. 
A Eausch and Lomb recorder (V.O.M.-5) records 
-9 - 
D i f f i c u l t i e s  were encountered when an at tempt was made t o  measure t h e  
I t  was observed t h a t  c o n d u c t i v i t y  and chronopotentiograms simultaneously.  
t h e  vo l tage  between e lec t rodes  F and C was a l t e r e d  when the  recorder ' P  and 
L J.O.M.-5) was connected t o  e lect rodes D and C .  Th i s  apparent instrument 
i n t e r a c t i o n  i s  found t o  be caused by a change i n  res i s tance  between e lec t rodes  
0 and C, which i n  t u r n  i s  due t o  the f a c t  t h a t  the i npu t  impedance of t h e  
recorder  represents a shunt r e s i s t o r  f o r  the c e l l .  The same e f f e c t  cou ld  be 
produced by r e p l a c i n g  t h e  recorder by a r e s i s t o r  of the same s i z e  as the  i npu t  
impedance o f  t he  recorder .  Although i t  i s  d e s i r a b l e  t o  measure the  c o n d u c t i v i t y  
and chronopotentiograms simultaneously, the measurements a r e  now performed 
separa te l y  i n  order  t o  avo id  t h i s  e f f e c t  and t o  avo id  passing cu r ren t  through 
t he  reference e lect rode.  
The t w o  c i r c u i t s  shown i n  F igs.  2 and 3 were combined i n  one s i n g l e  c i r -  
c u i t  by means o f  a ten-pole, t e n - p o s i t i o n  sw i t ch  i n  o rde r  t o  f a c i l i  a t e  the 
d i f f e r e n t  measurements. 
c o n t a c t s  and double wipers, g i v i n g  contact  res i s tance  less  than 4 m l l i ohm.  
F ig .  4 shows a b l o c k  diagram o f  the c i r c u i t .  
The swi tch (Daven l y p e  527-OF) has s o l i d  s l v e r  
Six p o s i t i o n s  ( f i r s t  through f i f t h  and seventh) of  the  sw i t ch  are used 
t o  measure the  s i x  p a i r s  o f  emf's o f  t he  f o u r  h a l f - c e l l s .  
[ s i x t h  and e i g h t h )  a r e  prepared for e i t h e r  c o n d u c t i v i t y  o r  chronopotent io-  
m e t r i c  measurements. I\t p o s i t i o n  s i x  the  d i r e c t i o n  of a p p l i e d  cu r ren t  between 
e l e c t r o d e s  A and D i s  opposi te  t o  t h a t  a t  p o s i t i o n  8. 
a v o l t a g e  i s  a p p l i e d  betwzen one working e lec t rode  and the  w a l l  o f  the pressure 
chamber t o  check the leakage res is tance o f  the leads going i n t o  t h e  chamber, 
P o s i t i o n  t e n  i s  used for a f a s t  t e s t  o f  the i s t r u m e n t a t i o n .  i n  t h i s  p o s i t i o n  
lwo p o s i t i o n s  
In the n i n t h  p o s i t i o n ,  
- 10- 
. 
the instruments are connected to a network of batteries and resistors which 
simulate the c e l l .  The functions o f  the whole circuit 3re summarized in 
7able 1 .  
The cell temperature is determined by measuring the gas temperature in 
the pressure chamber with a thermocouple. A Leeds and Northrup potentiometer 
(Model K-3) i s  used to measure the thermocouple voltage. 
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2.3 Resu l ts  of  t h e  Measurements 
Dur ing the  p e r i o d  o f  t h i s  repor t  c e l l s  52, 53 and 54 were tes ted .  ?he 
r e s u l t s  a r e  discussed below. 
2.3.1 C e l l  52 
Dur ing the  t e s t  of c e l l  52, i t  was noted t h a t  the  working e lec t rode  A 
A l l  s i x  combinations of  e lec t rodes  gave was s o l i d  ( o r  a very s t i f f  l i q u i d ) .  
readings w i t h  a s l i g h t  d r i f t  towards h igher  values. 
experiment, t h i s  c e l l  was recyc led  from below r o o m  temperature t o  above 100 C 
four t imes, tw i ce  reaching 150 C, which i s  w e l l  above the  c r i t i c a l  temperature 
(about  133 t o  14OoC) o f  the  e l e c t r o l y t i c  s o l u t i o n .  
I n  the  course o f  the  
0 
0 
7he measured e m f  values of c e l l  52 a r e  compiled i n  Table 2, and the  emf 
va lues between e lec t rodes  I and C a re  p l o t t e d  i n  F i g .  6 as f u n c t i o n  o f  tempera- 
t u r e .  t t i s  seen t h a t  over the  temperature range o f  30’ t o  100°C, t h e  tempera- 
t u r e  dependence o f  the emf values i s  approximately l i n e a r .  Above llO°C, the  
emf values decrease r a p i d l y .  Th i s  behavior cou ld  no t  be due t o  the  presence 
o f  bubbles, s ince the  e f f e c t  p e r s i s t s  above the c r i t i c a l  temperature. Because 
the  data drop almost l i n e a r l y  w i t h  inc reas ing  temperature, an a l t e r n a t i v e  
process may be assumed as  responsib le  for causing the  drop-o f f .  
i f  t h e  i n t e r n a l  res is tance of the  c e l l ,  i .e.,  res is tance o f  t h e  e l e c t r o l y t i c  
solution,becomes the  same order  o f  magnitude as the  impedance of  the  measuring 
instrument,  then the  observed emf w i l l  s t a r t  t o  drop o f f .  Thus, an increase 
i n  t h e  res i s tance  of the  e lect rochemical  c e l l  ( a s  i n  F i g .  6) i s  a poss ib le  
exp lana t ion  f o r  the  observed behavior a t  h i g h  temperatures. 
For example, 
' 
P l o t s  of  emf, measured between one working e lec t rode  A ( s o l  i d  amalgam) 
and a re ference e lec t rode  C, a r e  shown i n  F ig .  7. P r i o r  t o  t h i s  measurement, 
apprec iab le  cu r ren t  had passed through the  working e lec t rode  0. 
p e r i o d  o f  several 
'Ihe th ree  curves o f  F ig .  7 represent th ree  d i f f e r e n t  se ts  of  measurements 
taken over a two-day per iod .  Al though the  values o f  the  emf d i d  not reproduce 
accura te ly ,  i t  seems t h a t  the ti-end o f  the  measurements was reproduc ib le .  
Yetween 40' and 80 C the emf values o f  a l l  th ree  curves l e v e l  o f f ; '  above t h i s ,  
t he  emf va lues r i s e  r a p i d l y .  Th is  cou ld  be due t o  a phase separa t ion  i n  t h e  
s o l i d  amalgam e lec t rode  A .  
However, a 
days had passed be fo re  the  emf measurements were performed. 
0 
Chronopotent iometr ic measurements were performed on c e l l  52 between 
the  e lec t rodes  C and D. E lect rode 0 was used as the  working e lect rode,  and 
C was used a s  t h e  reference e lec t rode.  A chronopotentiogram obta ined a t  a 
c e l l  cu r ren t  o f  6 microamperes and 3 c e l l  temperature o f  -17 C i s  shown i n  
F ig .  8. Another one obta ined a t  a c e l l  cu r ren t  o f  1.4 microamperes and a 
c e l l  temperature o f  -26'~ i s  shown i n  F ig .  9 .  Since the  sur face  area of the  
work ing e lec t rode  i s  about 0.8 cm , the approximate cu r ren t  d e n s i t i e s  a t  i t s  
0 
2 
2 sur face  were 7.5 and 1.8 microamperes per  cm , respec t i ve l y ,  
The chronopotentiogram i n  F ig .  8 shows a shor t  p la teau.  T h i s  plateau, 
which occurs when the re  i s  a reduc t ion  process t a k i n g  p lace  3 t  t he  working 
e lec t rode,  i nd i ca tes  the  dep le t i on  o f  some e lec t rode  species ne3r the  e lec t rode  
sur face .  
potent iogram. 
F ig.  9 shows a s i m i l 3 r  p la teau a t  the  reduc t i on  phase of the  chrono- 
No s i m i l a r  p la teau can be seen i n  the  o x i d a t i o n  phase. 
I h e  e lec t rode  processes corresponding t o  the reduc t i on  and o x i d a t i o n  
r e a c t i o n s  3re  
-18- 
P l o t s  o f  emf, measured between one working e lec t rode  A ( s o l i d  amalgam) 
P r i o r  t o  t h i s  measurement, and a reference e lec t rode  C, a re  shown i n  F ig.  7. 
apprec iab le cur ren t  had passed through the working e lec t rode  0. 
per iod  o f  several 
'7he th ree  curves o f  F ig .  7 represent th ree  d i f f e r e n t  se ts  o f  measurements 
taken over a two-day per iod .  Although the  values o f  the emf d i d  not  reproduce 
accurate ly ,  i t  seems t h a t  the t;-end o f  the measurements was reproduc ib le .  
fetween 40 and 80 C the emf values o f  a l l  th ree  curves l e v e l  o f f ;  above t h i s ,  
the  e m f  values r i s e  r a p i d l y .  This cou ld  be due t o  a phase separat ion i n  the  
s o l i d  amalgam e lec t rode  A. 
However, a 
days had passed before the  emf measurements were performed. 
0 0 
Chronopotent iometr ic measurements were performed on cell 52 between 
the  e lec t rodes  C and 0 .  Elect rode D was used as the  working e lect rode,  and 
C was used as the  reference e lect rode.  A chronopotentiogram obta ined a t  a 
c e l l  cu r ren t  o f  6 microamperes and a c e l l  temperature o f  -17OC i s  shown i n  
F ig .  8. Another one obta ined a t  a cel l  cur ren t  o f  1.4 microamperes and a 
c e l l  temperature o f  -26OC i s  shown i n  F ig .  9 .  Since the sur face area o f  the 
work ing e lec t rode  i s  about 0.8 cm , the a p p r o x i m t e  cur ren t  d e n s i t i e s  a t  i t s  
surface were 7.5 and 1.8 microamperes per cm , respec t i ve l y .  
2 
2 
The chronopotent iogra 
which occurs when the re  i s  a 
e lect rode,  i nd i ca tes  the  dep 
sur face .  F ig .  9 shows a s i m  
i n  F ig .  8 shows a shor t  p la teau.  
reduc t ion  process t a k i n g  p lace a t  t he  working 
e t i o n  o f  some e lec t rode  species ne3r the  e lec t rode 
l a r  p la teau a t  the  reduc t ion  phase o f  t he  chrono- 
Th is  plateau, 
potent iogram. No s i m i l a r  p la teau can be seen i n  the  o x i d a t i o n  phase. 
I h e  e lec t rode  processes corresponding t o  the  reduc t ion  and o x i d a t i o n  
reac t i ons  are 
-18- 
and 
Na+(" 3 + e-(Hg) = Ma(Hg) 
Na'Hg) = Na+(MH ) + e-(Hg), 3 
respec t i ve l y .  Under the experimental cond i t i ons  descr ibed above, the reduc t ion  
process i s  d i f f u s i o n  c o n t r o l l e d  whi le  the  o x i d a t i o n  process is not  d i f f u s i o n  
c o n t r o l l e d .  
2 . 3 . 2  Cell 53 
Ce l l  53 was used f o r  c o n d u c t i v i t y  measurements and f o r  chronopotent io-  
m e t r i c  s tud ies .  
above i t s  c r i t i c a l  temperature. The r e s u l t s  o f  the measurements are summarized 
i n  Table 3, and p l o t t e d  i n  F ig .  I O .  The emf data f o r  t h i s  c e l l  were not 
recorded because the  emf d i d  not re tu rn  t o  t h e i r  o r i g i n s 1  values 3 f t e r  cur ren t  
passed through the c e l l .  
The c o n d u c t i v i t y  o f  the e l e c t r o l y t i c  s o l u t i o n  was measured 
Two chronopotentiograms obtained w i t h  c e l l  53 are  shown i n  F igs.  1 1  and 
0 12. 
c u r r e n t s  (between e lec t rode  A and 0) of 21 and 56 microamperes, respec t i ve l y .  
The corresponding cu r ren t  dens i t i es  a t  the  e lec t rodes  amount t o  26 microamp/cm 
l h e  measurements were performed a t  room temperature (27 C )  and a t  c e l l  
2 
and 70 rnicroamp/cm'. 
t i o n  a t  the  sur face o f  the working e lect rode,  and the one i n  Fig.  12 t o  
reduc t i on  a t  t h i s  same surface. 
The chronopotent iogram of F ig .  1 1  corresponds t o  oxida- 
2.3.3 C e l l  54 
The measurements o f  c e l l  54 y i e l d e d  s tab le  emf and c o n d u c t i v i t y  data 
0 
f o r  the  temperature range from 26 t o  57OC. The emf, the r a t i o  o f  emf t o  
-19- 
I -  
t 
I .  
abso lu te  temperature, E/T, and t h e  conduct iv i t ies ,  a r e  summarized i n  Table 4 
and p l o t t e d  i n  Figs.  13, 14 and 15 respec t ive ly .  
F ig .  14 shows t h a t  the  r a t i o  E/T increases w i t h  inc reas ing  temperature. 
I h i s  t rend  i s  d i f f e r e n t  f rom t h a t  shown by t h e  p rev ious l y  repor ted  measurements 
o f  c e l l  51. 
The c o n d u c t i v i t y  data o f  c e l l  54 are  p l o t t e d  i n  F i g .  15 and f i t t e d  w i t h  
t h e  usual pa rabo l i c  g - T curve. 
2.3.4 C e l l s  55-58 and 60 
C e l l s  56-58 and 60 a re  now i n  s torage a t  O°C. C e l l  55 rup tured  du r ing  
s torage.  
A summary o f  the  specia l  features o f  the  c e l l s  and the  type  of  data 
ob ta ined On c e l l s  52-54 are  presented i n  Table 5. 
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- F igure  8. Chronopotentiogram f o r  C e l l  52. 
EMF o f  t he  working e lec t rode  a t  which 
reduc t ion  i s  t a k i n g  p lace  w i t h  respect 
t o  a re fe rence e lec t rode  i s  recorded 
a s  a f u n c t i o n  of t ime.  
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F igure  113. The s p e c i f i c  c o n d u c t i v i t y  o f  the e l e c t r o l y t i c  s o l u t i o n  
( N a l  i n  NH ) as a f u n c t i o n  of temperature f o r  c e l l  53. 3 
Figure 1 1 .  Chronopotentiogram f o r  C e l l  53. 
With o x i d a t i o n  a t  the working e lect rode.  
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F igure 12. Chronopotentiograrn f o r  C e l l  53. 
With reduct ion a t  the working electrode; 
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Figure 13. Sodium-Amalgam Concentration Cell 54. 
Electrolytic Solution: Nal - NH3 
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TABLE 2. DATA FOR C E L L  52 --- 
I ,  
i E M P  EMF, 
VOLTS 0, L --- 







41 .O .Om3 
53 09 .0203 
49.6 .oh96 
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54 .o .0604 
49.2 .0434 
35 -0 .0360 
27.8 .0260 
25.2 .0220 











































































































































- C VOLTS 
TABLE 2. DATA FOR CELL 52 










23 - .0002 
A f t e r  1 Hr. 
40 .0150 
0 -01 59 
Fourth Day 
E m f ' s  now measured between 
t h e  top "working" e lec t rode  
and the lower reference 
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F i f t h  Day -- - 
23 .O -- .or> ; 
25.1 - . c ' 2 2  
30.6 - .9-: k 
34.5 - .029c 
36.7 - .02gS 
39.6 - .0@ 
41 .O - .02g9 
43.1 - .a252 
46.6 - Q J g c  
45.8 - .0:.56 
47 .O - .Q"7 
-e' 
39.9 - . G299 
-31 - 
TABLE 2 .  DATA FOR CELL 52 
I -  TEMP EMF, 
C VOLTS - 
48.6 - a257 
50.2 - .0258 
52 .o - .0263 
52.8 - ,0263 
53 -9 - .0263 
57.2 - .0261 
57.5 - .o262 
57.7 - ,0262 
59 * 3  - .0262 
64.5 - .0262 
69.3 - .0262 
70.3 - .0261 
?3 09 - .0257 
74.1 - .0256 
74.5 - .0255 
76 .o - .0252 
77.5 - .0250 
78.6 - .0247 
79.3 - ,0246 
79.8 - .0246 
80.9 - .0245 
81.8 - .02W+ 


















































T gbl P EMF, 
C VOLTS 
101.4 - . oh00 
102.0 - -041 7 
102 .o - .Oh39 
45.9 - .0283 
49.2 - -0282 
51.5 - .02a3 
60 .o - .e289 
63.7 - -0284 
64.1 - .om7 
66.1 -. 029 1 
70.5 - .0300 
71.2 - .0303 
73.0 -.0313 
74.9 - .0;20 
74.4 - .0328 
72.8 - .0333 
66.1 - .0353 
62.3 - ,0358 
61 .o - .0365 
57.3 - .0370 
60.8 - .0293 





















TABLE 3. DATA FOR CELL 53 
CONDUCTIVITY 
(OHM CM)” 















Emf’s a re  om t t e d  f rom t h i s  tab le  s ince  c o n d u c t i v i t y  measurement 
a f f e c t e d  emf. The emf’s d i d  not  r e t u r n  t o  t h e i r  o r i g i n a l  values 


































TABLE 4. DATA FOR CELL 54 
EMF, E/T COI!G(JCT I v I -I?: 
( O x I  crq-1 
---_-_I_ 
V9LTS M I  CROVOLTS/'K --
















































































TABLE 4. DATA FOR CELL 54 ---. =-- 




.02817 86 -0 
.02838 86.3 
.02867 86.9 









































. CABLE 5 .  SLJMMARY 01- EXPER I KENTAL RESULIS 
. 
I .  







Amalgam i n  e lec t rode  
A was a z o l i d  ( o r  a 
very s . t i fF  1 i q u i d ) .  
Na I was i n t  roduced 
i n t o  c e l l  by us ing  
3 
!I 0 insteGd o f  NH 2 
55 Reiative:;, : a l  Se 
aq ount o f  ;Is \.:as 
d isso lved i n  1 i q u i d  
!!!-1 . Cell iu;>cured 
duqing s to ra re .  
56 A l i  e1ccti'c:es were 
p l a t i n i z 3 i .  
57 ,411 e lec t rodes  wet-e 
p l a t i n i z ? d .  C c - 1 '  
has an  a d c ' i t i m a l  
q u a n t i t y  o f  Nal . 
58 E i e c t r o d c s  6 and C 
were p l a t i n i z e d .  
NaNH Wac used 
ins tead o f  Kal 
a s  e l e c t r o l y t e .  
2 
2 EMF 6~ El'1F t.'s T -20.5 to +150.0 
8 Chronopo- -17.0 
-::znt iogram 
9 I I  -26 
3 Conduct iv i t y  10 9- vs T -i-1gao t o  t.15b.o 
i 1,12 Chrorqo-  4-27 
ten-c iograms 
4 EMF, E /T ,  1 f, L:.,; \ I S  T +.?5 2 to -+66.7 
Conduct iv i t y  14 E,-f ,s ,- +25.2 t o  +66.7 
15 Lo-duct  i G i  cy +2> 2 t o  163.2 
C e l l  constrc lcted 
of quartz ins;tead 
of py rex  
-36- 
. 
3 .o CCNCLUS I CNS 
The metk,od of prepar ing c e l l  51 by i n t r o l u c i r g  the  e l e c t r o l y t e  i q  aqueoyt; . 
s o l u t i o n  w i l l  be discont inued.  P,l+hou3h i t  p c r m i t t c d  a hc+-;er co i ; t ro l  of the  
concen t ra t i on  of the d i sso i vsd  s a l t  t i ian our standard procedure, t h z  poss i -  
b i l i t y  t h a t  t races  o f  water c o u l d  remain i n  the c e l l  a f t e r  the bakeout i s  







exper imental cond 
ornetr ic s tud ies  of c e l l  52 seem t o  i n d i c a t e  th-.t, undar our 
t ions, tt?? rcduct ion, 
i s  d i f f u s i o n  c o n t r o l l c d  w h i l e  i h e  a-:idsltion, 
-- 
i s  n o t .  t h i s  r e s u l t  was not a s  apparent i n  the chronopoteni iograms of c e l !  53 
0 
C e l l s  52 arid 53 htivc bee,i o y z r s t e d  2 p p r o x i r i t c : y  20 abcvie the c t - i t i c a l  
temperztures of t h e  e i e c i r o l y t i c  ? 2 l u t i o c s .  I n  ? J i t i c u ! a r ,  ct.1; 52 9 2 s  bn?r 
r e c y c l e d  twice frcm r o o '  txpsi-c,tL!'e t o  :50 C .  E i i $ ' s  were T ~ ~ ~ U I - C L I '  i.>!::h c e l !  
52, and e l e c t r o l y t i c  s o l u t i o n  c o ~ d ~ ~ e t i v i i i e s  uitii t h e  oche r  c e l l .  1I-e scat te ,  








4.0 PROGRAM FOR THE NEXT QUARTER 
Tests w i l l  be cont inued on c e l l s  56-58 and 60, which have been preparzd 
d u r i n g  t h i s  qua r te r .  A d d i t i o n a l  c e l l s  w i l l  be prepared. Using a tcmperzture 
c o n t r o l l e r  t o  ma in ta in  a constant c e l l  temperature, we s h a l l  perform e x p e r i -  
ments t o  determine whether the  t ime needed f o r  e s t a b l i s h i n g  the e lec t rochen ica l  
e q u i l i b r i u m  a t  t he  e lec t rodes  i s  longer than i t  i s  p r e s e n t l y  a n t i c i p a t e d .  
I 7  
4 
8 
-38- 
